The past decade has seen an extraordinary explosion of research in the field of extracellular vesicles, especially in a specific type of extracellular vesicles originating from endosomal compartments, called exosomes. Exosomes are a specific subtype of secreted vesicles that are defined as small (∼30-120 nm) but very stable membrane vesicles that are released from a wide range of cells, including normal and cancer cells. As the content of exosomes is cell type specific, it is believed that they are a "fingerprint" of the releasing cell and its metabolic status. We hypothesized that the exosomes and their specific exosomal content (eg, microribonucleic acid) represent a precious biomedical tool and may be used as biomarkers for the diagnosis and prognosis of malignant tumors. In addition, exosomes may modify the phenotype of the parent and/or target cell by transferring pro-oncogenic molecules to induce cancerous phenotype of recipient cells and contribute to the formation of the premetastatic niche. The mechanism involved in these phenomena remains unclear; however, inclusion of signaling mediators into exosomes or exosome release may reduce their intracellular bioavailability in the parent cell, thereby altering cell phenotype and their metastatic potential. The aim of this review therefore is to analyze the biogenesis and role of exosomes from tumor cells, focusing primarily on ovarian cancer. Ovarian cancer is the most lethal gynecologic cancer, and an effective early diagnosis has the potential to improve patient survival. Ovarian cancer currently lacks a reliable method for early detection, however, exosomes have received great attention as potential biomarkers and mediators of the disease.
Introduction
With over 225,000 new cases and 140,000 deaths reported every year worldwide, ovarian cancer is the most lethal malignancy among all gynecologic cancers. 1 The main contributing factor to the high mortality rate of ovarian cancer is late diagnosis. The field of nanovesicle-mediated cell-to-cell communication is of considerable contemporary interest and a burgeoning field that may provide unique insights into gynecologic cancers' etiology, early detection, and treatment monitoring. In this regard, cell-to-cell communication is essential to assure correct organization between different cell types inside tissues. Recent studies have suggested that cells may also communicate with each other through extracellular vesicles (EVs) as carriers of specific molecules. 2, 3 Cells secrete a wide range of EVs of different size, morphology, content, and function that interact with target cells and modify their phenotype and function. Recent reports have recognized a specific type of nanovesicle, the exosomes, as a tumor "courier" carrying signal and relocating packages of information to initiate metastasis. 4, 5 Exosomes are submit your manuscript | www.dovepress.com
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Kobayashi et al small (30-120 nm) membrane vesicles of endocytic origin that are actively released by tumor cells into the peripheral circulation and play a role in tumor progression and metastasis. Moreover, the concentration of exosomal protein in plasma has been reported to increase in association with disease severity and/or progression in patients with ovarian cancer. 6 
Ovarian cancer
Ovarian cancer is the sixth most commonly reported cancer and the fifth leading cause of cancer-related deaths, accounting for 5% of all cancer mortality in developed countries. 7 Data highlights the significance of this disease in the population and its high mortality rate. Progress has been made in ovarian cancer research, however, few improvements have been achieved in survival rates over the years. 8 Ovarian cancer continues to be a challenging public health issue. One of the main contributing factors to the high mortality rate is late diagnosis. For patients diagnosed at an early stage of the disease (ie, stage 1), when the tumor is still localized to the ovaries, 5-year survival rate is 90% with currently available treatments. 9 Once the tumor has disseminated and progressed to the advanced stages (ie, stage 3/4), the 5-year survival rate dramatically decreases to 20% or less. 9 Early diagnosis and removal of the tumor therefore have the potential to significantly improve mortality rate. Unfortunately, only 15% of patients are currently diagnosed when the tumor is still localized to the ovaries. 10 Reduction in mortality does not solely depend on the development of effective treatment but also on the detection of cancer at an early stage while it is still treatable. Ovarian cancer currently lacks a reliable method for early detection, however, exosomes have received great attention as a potential biomarker and mediator of the disease. Recently, it has been demonstrated that ovarian cancerderived exosomes carry a wide range of specific molecules (ie, proteins) associated with carcinogenesis. 11 The effects of cancer environmental factors on the mechanisms involved in the exosome biogenesis still remain to be understood.
Despite active research to reduce disease-associated mortality through early detection, there has been limited advancement. Early-stage ovarian cancer is not associated with overt symptoms, and no reliable diagnostic method is available. For many years, ovarian cancer has been portrayed as a "silent killer" due to the lack of early symptoms. 12, 13 Recent studies have reported that 95% of ovarian cancer patients and 89% of early-stage ovarian cancer patients experience some symptoms prior to diagnosis. 14 The reported symptoms were predominantly nongynecologic, such as abdominal pain/swelling, gastrointestinal disturbance, and bloating, while gynecologic symptoms were the least commonly reported. 12 Since the symptoms tend to be nonspecific and common in the general population, patients are often initially investigated within nongynecologic clinical departments, which often leads to missed or delayed diagnosis. 15 The treatment of ovarian cancer is challenging once metastasis has occurred. Ovarian cancer differs from the classic model of metastasis. While most types of tumor spread hematogenously, ovarian cancer tumor cells are released into the peritoneal cavity. 16 Approximately 90% of ovarian cancer patients are diagnosed with epithelial ovarian cancer (EOC), which can further be classified into serous, mucinous, endometrioid, clear cell, and mixed based on its histology. 15, 17 Serous carcinoma is the most common EOC, accounting for 70% of all EOC. 17 Traditionally, it was thought that serous carcinoma originates from epithelial cells lining the ovarian surface or subsurface of inclusion cysts; however, there is emerging evidence that serous carcinoma can arise from the epithelium of the fallopian tube and spill onto the surface of the ovary.
18
Exosome biogenesis and function
Cells secrete heterogeneous populations of EVs. Many terms have been used to refer to these small membrane-enclosed vesicles (eg, microvesicles, nanovesicles, shedding vesicles, and ectosomes), emphasizing the wide range of EV populations reported and the difficulty in their determination. 19 A specific population of EVs, known as exosomes, can be distinguished from others based on their size, morphology, composition, and endosomal origin. 19 Unlike other EVs secreted by direct budding of the plasma membrane, exosomes are generated by the intraluminal invagination of early endosomes, giving rise to multivesicular bodies (MVBs) or multivesicular endosomes containing intraluminal vesicles (ILVs), and released into the extracellular environment upon the fusion of MVBs/multivesicular endosomes with the plasma membrane (Figure 1) . 20 Exosomes are homogeneous in size compared with other EVs, ranging from 30 nm to 120 nm in diameter (Figure 2A and B) , which is consistent with the reported in situ size of ILVs. 21 Due to their endosomal origin, exosomes carry proteins associated with MVB biogenesis (eg, tetraspanins, Alix, and Tsg101) and membrane fusion (eg, Rab GTPase, annexins). 19 The endosomal sorting complex required for transport (ESCRT) pathway facilitates membrane remodeling (ie, bending or 
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exosomes and ovarian cancer budding away from the cytoplasm) and has been implicated in the formation of ILVs. 22 Evidence suggests that ESCRT-independent pathways may also contribute to exosome formation, as MVBs are formed when all four ESCRT complex subunits are repressed. 23, 24 Mature MVBs are transported to the plasma membrane, where exosomes are released upon the fusion of MVBs with the plasma membrane promoted by Rab GTPases. 25, 26 Exosomes are released from a wide range of cell types and have been isolated from various bodily fluids, including blood, saliva, breast milk, ascites, and amniotic fluids. [27] [28] [29] [30] [31] Initially, exosomes were considered to be a mechanism by which unwanted cell products were eliminated. 32 Recent studies, however, have provided persuasive data establishing the role of exosomes in cell-to-cell communication.
33
Exosomes: a new mode of intercellular communication
Our understanding of the mechanism(s) by which exosomes interact with recipient cells remains to be fully established. The available data are consistent with several possible modes of communication, including: 1) receptor-ligand interaction on cell and exosome surfaces; 2) exosomes attaching or fusing with the cell membrane, directly delivering exosomal surface proteins and cytosol; and 3) internalization of exosomes by recipient cells through phagocytosis. [34] [35] [36] [37] It has been demonstrated that cells internalize exosomes through lipid raft-mediated endocytosis involving caveolin-1 protein and ERK1/2-heat shock protein 27 signaling. 38 Their molecular cargo is cell specific, regulated by tissue physiology and cellular function and fundamental to their bioactivity. 39 Cells acquiring tumorigenic traits (ie, unregulated cell proliferation and resistance to cell death) are insufficient for tumor progression. Multiple distinct cell types are involved in the process, requiring effective cell-to-cell communication between cancer cells and local/distant microenvironments. 40 There has been increasing interest in the role of exosomes as a mediator of cell-to-cell communication between these cells and microenvironments for effective cancer progression.
Tumor-derived exosomes may affect cancer progression in several ways. Tumor-derived exosomes have the ability to propagate oncogenic activity among tumor cells. Human glioma cells can horizontally transfer an oncogenic form of epidermal growth factor variant 3 (EGFRvIII) to glioma cells lacking EGFRvIII. 41 The transfer results in increased expression of prosurvival genes and reduction of cell cycle inhibitors, increasing the anchorage-independent growth capacity. Exosomes not only facilitate communication among tumor cells but also develop favorable microenvironments for tumor progression. Angiogenesis is promoted by the activation of endothelial cells by tumor-derived exosomes and is supported by the activation of myofibroblasts, a source of matrix-remodeling proteins. 42, 43 Tumor-derived exosomes trigger fibroblast to myofibroblast differentiation. 44 In addition to fibroblasts, mesenchymal stem cells from tumor stroma and adipose tissue are converted to myofibroblasts through exosomes. 45, 46 Exosomes also contribute to the formation of premetastatic niches by educating bone marrow-derived cells. 5 Bone marrow-derived cells treated with exosomes derived from highly and poorly metastatic melanoma cells promoted primary tumor growth as well as increased size and number of metastases. 5 There is increasing evidence that exosomes interact with immune cells to suppress antitumor response and skew toward protumorigenic phenotype. 47 Tumor cells can interact with different cell types through exosomes, most likely leading to a complex network of interactions.
The effects of exosomes on cell target depend on the exosomal composition by the transfer of a diverse range of bioactive molecules. Exosomes have been reported to carry a diverse range of cell surface receptors, proteins (eg, heat shock proteins, cytoskeletal proteins, adhesion molecules, membrane transport and fusion proteins), and microribonucleic acid (miRNA), with the potential to affect the acute and long-term function of the cells with which they interact. 6, 48 Exosomal miRNAs miRNAs are small (about 22 nucleotides in length), noncoding RNAs that regulate gene expressions. 49, 50 They target complementary messenger RNA (mRNA) by binding to their 3′ untranslated region for translational inhibition or degradation. 51 Many miRNAs are phylogenetically conserved across species, with regulatory impacts on fundamental biological processes such as proliferation, differentiation, and apoptosis. [50] [51] [52] Although miRNA expression is tightly regulated in normal physiology, it is often misregulated in pathophysiology such as cancer.
miRNA profiles can differentiate ovarian cancer tissues from benign tissues, highlighting the diagnostic potential of miRNA. Previous studies have profiled miRNA expression of tumor tissues; however, tissue sample collection is unsuitable for diagnostic and screening purposes, due to its invasive methods. Therefore, miRNAs present in biofluids, such as those carried in exosomes, have attracted interest as cancer biomarkers. Exosomes have been found to mediate miRNA transfer between cells. 53 miRNA profile in exosomes is specific to the tumor cells of origin and protected from degradation from molecules such as RNase, which is present in most biofluids.
Recently, we defined the exosomal miRNA expressions of the let-7 and miR-200 families from ovarian cancer cells (SKOV-3 and OVCAR-3 cell lines) by real-time polymerase chain reaction. 39 The expression of let-7 miRNA transcripts was significantly greater in high invasive SKOV-3 cellderived exosomes compared with exosomes released from low invasive OVCAR-3 cells. miRNA expression of SKOV-3 cell-derived exosomes and their originating cells showed no correlation; however, miRNA profiles were highly correlated between OVCAR-3 cell-derived exosomes and their cells of origin. Exosomal miRNA contents are significantly different between ovarian cancer cell lines, with the profiles correlating to the invasive potential of their originating cells. The difference in correlation between the exosomal and cellular miRNA expression establishes the selective packaging of the miRNA contents into exosomes, suggesting a mechanism to maintain cell invasive phenotype by regulating miRNA transcripts with tumor-suppressing activity, such as the let-7 family in cells. 39 Vaksman et al 54 have demonstrated the potential use of exosomal miRNA as a prognosis marker since miRNA expression in exosomes isolated from ovarian cancer patient peritoneal and pleural effusions correlated with disease outcome. High exosomal miR-21, miR-23b and miR-29a expression of ovarian cancer effusion correlated with progression-free survival, while high expression of miR-21 was associated with poor overall survival. 54 
Ovarian cancer metastasis
Epithelial to mesenchymal transition (EMT) is one of the most important events taking place during the early phase of ovarian cancer metastasis. EMT is a process in which epithelial cells lose epithelial characteristics such as cell polarity and cell-to-cell junctions, acquiring mesenchymal cell characteristics to gain cell motility and invasiveness. 55 The acquired mesenchymal properties allow cells to detach from the primary tumor into the peritoneum, where cells often aggregate to form spheroid-like structures. 56, 57 These aggregates are transported throughout the peritoneal cavity by normal peritoneal fluid and implant on the surfaces of the abdominal cavity or the organs therein, forming tumors at a secondary site. 16, 57 Although peritoneal cavity has been believed to be the mode of epithelial ovarian tumor metastasis, a recent study suggests an alternative route, hematogenous metastasis. Ovarian cancer cell injected to 
Potential role of exosomes in promoting a protumor environment
Tumor cells can modulate cellular activity of target cells through the transfer of molecules via exosomes. Exosomes isolated from peritoneal effusions collected from ovarian cancer patients contained low expression of programmed cell death 4, whereas oncogenic microRNA-21 (miR-21), known to downregulate programmed cell death 4 expression by directly targeting its 3′-untranslational region, was highly expressed compared with those isolated from nonneoplastic peritoneal effusions. 59 These observations provide an interesting possibility that exosomes are critical factors affecting neighboring cells.
Despite incomplete understanding of the mechanisms underlying exosome release, hypoxia, and thermal and oxidative stress, anticancer drugs are known factors triggering the release of exosomes. [60] [61] [62] Hypoxia, the reduction of oxygen tension, is the key regulatory factor of cancer progression. 63 Adaptive changes are induced in cancer cells under a hypoxic microenvironment, contributing to their aggressive behavior and poor patient outcomes. 64 We have extensively quantified the exosome release from placental cells (placental cells share similar characteristics with cancer cells, such as their invasive and migration capacity) under different oxygen tension (ie, 8%, 3%, and 1% O 2 ). 48, 65, 66 Studies have established an inverse correlation between placental cell exosome release and oxygen tension. Low oxygen tension increased exosome release from umbilical cord-derived mesenchymal stem cells by ∼5.6-fold. 67 Increased exosome release was observed in cardiac myocytes as well as cancer cell lines: squamous carcinoma cells (A431 cells) and breast cancer cell lines (MCF7, SKBR3, and MDA-MB 231). 68, 69 The underlying mechanism in which hypoxia induces exosome release remains to be fully elucidated; however, evidence suggests the role of transcriptional factor HIF-1α in hypoxia-induced exosome release. 60 In the same study, high expression of miR-210 was observed in exosomes released from cancer cells cultured under hypoxic conditions compared with those isolated from normoxic conditions. Endothelial cell angiogenesis is promoted by miR-210 in metastatic cancer cell-derived exosomes. 70 Genes that promote survival, proliferation, angiogenesis, invasion, and metastatic spread are upregulated under hypoxic conditions supporting growth of a primary tumor microenvironment. For instance, hypoxia induces EMT in pancreatic tumor cells, as evidenced by downregulation of epithelial marker E-cadherin, upregulation of mesenchymal marker vimentin, morphological changes in cells, and increased migration rate. 71 Similarly, hypoxia shifted the expression of E-cadherin to vimentin at both the mRNA and protein levels and promoted invasiveness and migration in ovarian cancer cells. 72, 73 Exosomes secreted under hypoxia from prostate cancer cells contained proteins associated with remodeling of epithelial adherens junctions and downregulated the expression of E-cadherin at the membrane of target prostate cancer cells. 74 Human embryonic kidney cells treated with exosomes expressing HIF-1α can induce expression of EMTassociated markers. 75 Recently, miRNA, specifically the members of the miR-200 family (miR-200a, miR-200b, miR-200c, miR-141 , and miR-429), has attracted great attention as a regulator of EMT in cancer metastasis. Korpal et al 76 demonstrated that miR-200 family expression was downregulated over time when EMT was induced in mouse mammary epithelial cells by transforming growth factor beta, and the overexpression of miR-200 family hindered transforming growth factor beta-mediated EMT. Additionally, inhibition of miR-200 family-induced EMT and ectopic expression of the family in mesenchymal cells initiated mesenchymal to epithelial transition. 77 Overexpression of miR-200 family inhibits EMT by targeting E-cadherin repressors ZEB1 and ZEB2. 78 The miR-200 family is one of the most deregulated miRNAs in epithelial ovarian tumors compared with normal ovarian tissues. 79 Aberrantly expressed miR-200 family in ovarian cancer tumor was similarly expressed in originating cells and exosomes released from those cells. 6 These studies suggest the potential role of exosomes in hypoxia-induced EMT.
Challenges of early-stage ovarian cancer diagnosis
The absence of adequate early detection strategies is an additional factor contributing to the challenge of early diagnosis. Cancer antigen 125 (CA-125) is currently the most widely used serum biomarker for ovarian cancer. CA-125, however, is approved by the US Food and Drug Administration only to monitor disease treatment and not as a screening test. Although CA-125 is known to be elevated in over 80% of advanced-stage ovarian cancer patients, elevated CA-125 concentrations are observed in only 50%-60% of early-stage patients, and up to 20% of ovarian cancer tissues do not express CA-125. 9 
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Kobayashi et al concentrations. 81 Regardless of its widespread off-label use, CA-125 alone is not sufficiently sensitive or specific for early detection. Currently, investigation and disease confirmation in symptomatic women therefore rely on a combination of transvaginal ultrasound and monitoring CA-125 serum concentrations over time. Transvaginal ultrasound defines ovarian morphology as well as any morphological changes that may signify malignancy development. 81, 82 This method can result in high false-positive rates, as it is difficult to distinguish benign abnormalities from malignancy, thus resulting in unnecessary surgical intervention. 80, 82 As currently available biomarkers and screening tech niques have failed to improve clinical outcomes, the development of early detection strategies for ovarian cancer is essential. Ideal approaches should involve minimally invasive procedures with greater sensitivity. The recent explosion of exosome research has strongly emphasized the application of these nanovesicles as diagnostic and treatment monitoring tools; however, extensive studies to characterize the content, role, release of exosomes, and their utility as biomarkers for cancer, including ovarian cancer, have yet to be performed.
83,84
Exosomes as a source of cancer biomarkers
The following features of exosomes make them an ideal source of cancer biomarkers: 1) actively released by live tumor cells, 2) content reflects the tumor state and its microenvironment, 3) easily collected from a wide range of biofluids, 4) easily isolated from high-abundance proteins present in biofluids confounding biomarker discovery, and 5) highly stable. These exosomes are released from living tumor cells and can be differentiated from microvesicles secreted from apoptotic cells. 85 The presence of specific cellular protein and RNA from originating cells provides comprehensive information about the tumor.
Exosomes provide an enriched source of biomarkers. They can be collected through minimally invasive procedures from the blood or through noninvasive procedures from biofluids such as the urine and saliva. Studies show promising results of exosomes as cancer biomarkers due to their significant correlation with disease stage and their high stability, as storage does not significantly affect their contents. 86 Exosomes were characterized from the EOC cell lines with different invasive potentials cultured in exosomefree media by the expression of CD63 and CD9 markers with density between 1.15 g/mL and 1.19 g/mL. Exosome release from SKOV-3 cells was greater than that from OVCAR-3 cells by more than twofold when both cells were cultured under identical conditions. The exosome release was specific to the cell type, and their contents correlated to the invasive potential of originating cells.
39
Conclusions and perspectives
Despite extensive ovarian cancer research, the mortality rate remains high, with less than half the patients (44.6%) surviving for 5 years after diagnosis. 10 This is mainly due to the incomplete understanding of the molecular mechanism underlying ovarian cancer progression and the lack of reliable diagnostic markers for early detection. Characterizing the content and functions of tumor-derived exosomes has the potential to overcome the current challenges of improving ovarian cancer patient outcomes. The release of exosomes and their molecular cargo is cell type specific, reflecting the state of the originating cells as well as their microenvironment. In other words, exosomes can be considered as a noninvasive "biopsy" of tumor mass, as exosomes can be obtained from a wide range of biological fluids such as blood, urine, and saliva. Not only will exosomes give some insight into the tumor cells themselves but they will provide a better understanding of how other cell types contribute to cancer progression. Cancer is a complex disease involving a wide range of cell types, and effective cell-to-cell communication is essential for successful cancer progression. Exosomes play a role in cell-to-cell communication, and examining the targets and their functions will help identify other cells involved in cancer progression. Initial studies to characterize the protein and miRNA content of exosomes afford some insight into possible mechanisms by which exosomes may affect cell function.
Another challenge of improving ovarian cancer mortality is the development of reliable diagnostic methods. Ovarian cancer lacks a specific symptom, making it difficult to diagnose, however, detectable changes should be taking place at the cellular level. As exosome release is highly dependent on their state and their microenvironment, their content is an ideal biomarker for early detection. As such, the isolation and profiling of exosomes in biological fluids represent a promising approach for the development of detection and monitoring tests; however, the complexity will increase when handling patient samples, as exosomes contained within them can originate from different cell types. Im et al 87 have recently shown that ovarian cancer-derived exosomes can be identified by the expression of CD24 and EpCAM, suggesting the use of exosomes as a biomarker.
Evidence suggests that vesicles released from cancer cells modify the phenotype of parent and/or target cell by transferring pro-oncogenic molecules, inducing cancerous 
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exosomes and ovarian cancer phenotype of receipt cells contributing to tumor growth and metastasis. Exosomes from ovarian carcinoma cells are present in peripheral circulation to enhance tumor development and maintain a favorable environment for cancer progression. Condition-specific changes in the concentration of tumor-derived exosomes may be of clinical utility in the early identification of women with ovarian cancer. Additional experimental studies of ovarian cancer cell-derived exosomes are necessary to further understand ovarian cancer progression, as well as to develop a reliable early biomarker for early diagnosis of patients while the disease is still treatable.
Disclosure
The authors report no conflicts of interest in this work.
